Abstract. Murine double minute 2 (MDM2) is a negative regulator of p53. A single-nucleotide polymorphism (SNP) (rs2279744: c.309T>G) in the promoter region of the MDM2 gene has been shown to result in higher levels of MDM2 RNA and protein. Regarding the contribution of c.309T>G in the MDM2 gene to the lung cancer risk, previous studies are conflicting. In order to evaluate the association between c.309T>G and the lung cancer risk, a case-control study was performed. The MDM2 genotypes were determined in 762 lung cancer patients and in 700 cancer-free control subjects using the Smart Amplification Process. Statistical adjustment was performed for gender, age and pack-years of smoking. The distributions of c.309T>G (T/T, T/G, G/G) were 20.1, 49.7, 30.2% in the case group and 21.7, 47.9, 30.4% in the healthy-control group. There were no overall associations between the MDM2 genotypes and the risk of lung cancer [T/G genotype: Adjusted odds ratio (AOR), 1.30; 95% confidence interval (CI), 0.88-1.93; and G/G genotype: AOR, 1.18; 95% CI, 0.78-1.80]. The subgroup analysis of gender, histology, smoking status and epidermal growth factor receptor mutation status also indicated that there was no association with lung cancer. Additionally, the genotypes did not have an effect on the age at the time of diagnosis of lung cancer (P=0.25). In conclusion, the G allele frequency in the lung cancer cases was 0.551, which was similar to other studies. The results of the present study suggest that the c.309T>G is not significantly associated with lung cancer.
Introduction
Lung cancer is the leading cause of cancer death worldwide (1) , and evidence indicates that cigarette smoking is the major established risk factor (2) . Additionally, exposure to environmental-chemical carcinogens are other associated risk factors (3) . The mechanism of lung tumorigenesis is not fully understood. Epidemiological evidence indicates that complex interactions between numerous genetic and environmental factors are significant in the carcinogenesis of lung carcinoma (4) .
The p53 gene is a well-known tumor suppressor gene that encodes a sequence-specific DNA-binding transcription factor that targets various genes that govern specific cellular processes (5) . The murine double minute 2 (MDM2) protein plays an important role in regulating cell proliferation and apoptosis by transcriptional inhibition via direct physical binding to p53 and ubiquitination and proteasome-mediated degradation of p53 via its E3 ubiquitin ligase activity (6, 7) . A MDM2 single nucleotide polymorphism at the 309th nucleotide in the first intron (rs2279744), with a T to G change, could increase the affinity for stimulatory protein 1 (Sp1) binding and result in increased MDM2 expression (8) and subsequent attenuation of the P53 pathway. In humans, the SNP (c.309T>G) in the MDM2 gene has been correlated with the earlier onset of tumor formation in hereditary and sporadic cancers (9) . A previous meta-analysis reported that the G/G genotype of c.309T>G was associated with a significantly increased risk for lung, colorectal, gastric and bladder cancers and a significantly decreased risk for prostate cancer (10) . Molecular epidemiological studies of c.309T>G and lung cancer susceptibility (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) and survival rate (22) (23) (24) have reported disparate findings. It is noteworthy that there is a large difference among African-American, Caucasian and Asian populations with respect to the 309G allele frequency in lung cancer cases (25) . The 309G allele is present at a higher frequency in the Asian population, including Japan, compared to Caucasians and African-Americans. Significant associations have been observed for c.309T>G in Japanese squamous cell lung cancer patients (20) . Future studies analyzing the ethnic group-dependent susceptibility to cancer are required. Several genome-wide association studies (GWASs) on SNPs have identified the genomic loci associated with the risk of lung cancer in Caucasians (26) (27) (28) , Europeans (29) and Asians (30) (31) (32) (33) (34) . However, the associations of the MDM2 polymorphisms were not investigated in the aforementioned GWASs due to a lack of probes used to discriminate between the polymorphisms (20) .
The aim of the present study was to investigate whether a functionally important SNP, MDM2 SNP309, was associated with the risk of lung cancer in a Japanese population. The genomic DNA was examined from blood samples for c.309T>G using the Smart Amplification Process (SmartAmp), which is a rapid, sensitive and simple mutation-detection assay that has been described previously (35, 36) . Subsequently, the association between c.309T>G and the lung cancer risk was examined. To the best of our knowledge, this is the first study to investigate the role of c.309T>G in the MDM2 gene in all the types of lung cancer in a Japanese population.
Materials and methods

Subjects.
The study included 762 patients with lung cancer and 700 cancer-free controls. All the cases were histologically confirmed primary lung cancer patients who were diagnosed and recruited between January 2003 and June 2013 at Gunma University Hospital, Maebashi Red Cross Hospital and National Nishi-Gunma Hospital (Gunma, Japan). The control group consisted of hospital and population controls. The hospital controls were recruited from the same hospital as the patients. The population controls were recruited from a health survey for the evaluation of metabolic syndrome in Gunma. The potential controls that had a previous diagnosis of malignancy were excluded from the study. The protocols for sample collection, sample anonymity, storage and genomic DNA analysis were approved by the Institutional Review Board for the Ethics Committee for Human Genome Analysis at each hospital. Written informed consent from all the participants was obtained. The clinical study was conducted according to the Declaration of Helsinki Principles.
Patient demographics. The demographics, cancer history and smoking history of the subjects were documented using a structured chart review. The patients were categorized based on the smoking status. The cumulative cigarette dose [pack-years (PY)] was calculated using the following formula: PY = packs per day x years smoked. Never-smokers were defined as individuals with PY=0, mild smokers were PY<50 and heavy smokers were PY≥50.
Genotyping for polymorphisms and gene mutation analysis.
Peripheral venous blood samples were collected and DNA was extracted using a DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Genotyping of c.309T>G in the MDM2 gene was performed by the Duplex SmartAmp method as described previously (36) with an Mx3000P PCR system (Agilent Technologies, Santa Clara, CA, USA). The lung cancer tissues were immediately frozen following surgical removal and stored at -80˚C until DNA extraction using a Wizard Genomic DNA purification kit (Promega Corporation, Madison, WI, USA). The epidermal growth factor receptor (EGFR) mutations were analyzed by peptide nucleic acid-enriched sequencing, as described previously (37) .
Statistical analyses. The demographic and clinical information were compared across genotypes and cancer stages using Pearson's χ 2 tests (for categorical variables) and Kruskal-Wallis tests (for continuous variables) where appropriate. The Table I . Characteristics of lung cancer cases and healthy controls. strengths of the associations between the genotypes and risk were measured as odds ratios (ORs) adjusted for gender, age and PY of smoking with 95% confidence intervals (CIs) by unconditional logistic regression analysis. All the statistical analyses were conducted at the two-sided P=0.05 level and SPSS Statistics version 20 (SPSS, Inc., Chicago, IL, USA) was used. P<0.05 was considered to indicate a statistically significant difference.
Results
Demographics.
A total of 762 primary lung cancer patients and 700 controls were included in the analysis and Table I shows the associated demographics. Compared to the controls, the patients were older with a higher proportion of males. The mean PY value was higher in the cases compared to the controls (Table I) . Complete matching was not achieved for gender, age and smoking history. Therefore, these factors were adjusted in the logistic model. The frequency of c.309T>G did not differ between the hospital and population controls (P=0.74; data not shown). Therefore, the controls were treated as a single group. The distributions of c.309T>G (T/T, T/G, G/G) were 20.1, 49.7, 30.2% in the patient group and 21.7, 47.9, 30.4% in the healthy-control group. There were no significant differences in the c.309T>G genotypes between cases and controls. The allele frequencies of the G allele in the case and control groups were 0.551 and 0.544, respectively.
MDM2 and lung cancer risk.
There was no overall association between c.309T>G and the risk of lung cancer (Table II) . The adjusted OR for developing lung cancer was 1.18 (95% CI, 0.76-1.80) for the G/G, compared to the T/T. The data was further stratified by gender, cancer histology, EGFR-mutation status of adenocarcinoma (AD) and smoking-status subgroups. There were no associations among any subgroup (Table II) .
MDM2 and cigarette smoking. As smoking is a stressor and an established cause of lung cancer, we evaluated whether an interaction existed between the MDM2 polymorphism and smoking among lung cancer patients. No significant associations were observed between the various c.309T>G genotypes and cumulative smoking. (Table III) . However, the G/G genotype tended to be associated with a lower level of exposure to cigarette smoke compared to the other genotype (P=0.07) among squamous cell carcinoma (SQ) patients (Table III) .
MDM2 and age at diagnosis. The association between age at diagnosis and c.309T>G in all the lung cancer patients was examined, as well as in the gender, histological-subtype and smoking-status subgroups. Kruskal-Wallis analysis indicated no association between the various c.309T>G genotypes and age at onset in the study population (Table IV) .
Discussion
In the present molecular epidemiological study, the association of the genetic polymorphisms in MDM2 with the risk of developing lung cancer in a Japanese population was examined. The results obtained by analyzing 762 lung cancer patients and 700 controls demonstrated that c.309T>G in the MDM2 gene is not associated with lung cancer risk.
In the study, the frequency of the MDM2 309G alleles among the controls was 0.544, which is almost identical to the frequency observed in the Japanese (0.525) (20) , Han Chinese of southeast China (0.499) (14) and Korean (0.534) (16) populations; but is significantly higher compared to the Han Chinese of northeast China (0.455) (15) , Caucasian (0.346-0.393) (11) (12) (13) 18, 38) and African-American (0.109-0.112) (13,38) populations (Fig. 1) . There are conflicting studies regarding the contribution of c.309T>G to the lung cancer risk (11) (12) (13) (14) (15) (16) (17) (18) (19) 21) . The differences in the allele frequencies among ethnic groups may have contributed to the disparities among the previous studies. Table II . Genotype frequencies of the MDM2 309T>G polymorphism among controls and cases and their association with lung cancer risk.
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No. Certain studies have linked the G allele with the lung cancer risk among Caucasians (11) and Asians (15) . Conversely, only one study linked the 309T allele with the risk in Caucasians, notably in SQ patients and in males (12) . The data of the present study suggests that c.309T>G is not associated with the lung cancer risk among the total population, which is in line with numerous epidemiological studies conducted in Caucasians (13, 17, 18) , African-Americans (13) and Asians (14, 16, 20) . A previous meta-analysis study (39) concluded that the association between c.309T>G and lung cancer was statistically significant in Asians, females and never-smokers, but not in Caucasians, males, ever-smokers or among any of the individual histological types.
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Stratification by gender, histological subtype and smoking status revealed no association between c.309T>G and lung cancer susceptibility. Lind et al (11) reported a gender-specific risk-disposing effect of the 309T allele of MDM2 SNP309 for non-small cell lung cancer (NSCLC) patients. NSCLC patients were investigated and it was found that female carriers of G/G had an OR for lung cancer of 4.1, whereas male homozygotes had a non-significant OR of 1.3. The data of the present study showed corresponding ORs for females and males of 1.31 and 0.94, respectively, which tended to confirm this finding, although the ORs were much smaller and not significant. Bond et al (40) showed that the effect of the MDM2 G/G genotype was gender-specific and was increased in females with active estrogen-signaling pathways, which may explain the findings of the present study.
In terms of histological subtypes, Park et al (16) and Ren et al (21) reported that the T/T genotype was associated with a decreased risk of AD. However, the present study findings, as well as those of others (18, 41) , did not show an interaction between c.309T>G and the histological subtype.
Cigarette smoking may induce DNA damage, initiating and promoting carcinogenesis, and is a major risk factor for NSCLC. Park et al (16) and Zhang et al (15) reported that the T/T genotype was associated with a decreased risk among ever-smokers and ever-and never-smokers, respectively. However, the present study, as well as others (18, 41) , did not show an interaction between c.309T>G in the MDM2 gene and smoking status. A tendency towards a lower level of exposure to cigarette smoking was observed among the G/G SQ patients compared with T allele carriers (T/T+T/G), but the difference was not statistically significant. However, no significant association between c.309T>G and the lung cancer risk among smokers or SQ patients was observed. Therefore, it was concluded that SNP309 did not contribute to smoking-related tumors.
c.309T>G was reported to be associated with an earlier onset of disease for Li-Fraumeni syndrome and sporadic sarcoma (8) . The present study did not observe a lower age of diagnosis, and similar findings were described in previous studies (13, 14, 18) .
Although the reason for the differences in MDM2 polymorphisms among different studies is unclear, it may be due to differences in subjects, genetic backgrounds and/or environmental factors (42) among various populations. As an example of population heterogeneity, an interaction of c.309T>G with c.285G>C in the MDM2 gene was questionable (43) , as it has been previously reported to act as an antagonist by overriding the effect of c.309T>G on Sp1-mediated transcription. However, the study by Ryan et al (38) recently reported that c.285G>C did not antagonize the effect of c.309T>G in lung cancer. Furthermore, the differences in frequencies of driver mutations, such as EGFR mutations (44), may contribute to the different effects of c.309T>G in various ethnic groups.
EGFR mutations are predominantly found in female, non-smoking AD patients and in patients of East Asian origin (45) . A recent meta-analysis study (39) reported that the association between c.309T>G and lung cancer was statistically significant, particularly in the Asian population, female and never-smokers. No statistically significant association was observed in males or ever-smokers. The AD patients were stratified according to EGFR-mutation status, however, no association was observed. To the best of our knowledge, there have been no report in terms of analyzing the association between c.309T>G in the MDM2 gene and lung cancer susceptibility based on EGFR mutation status.
The limitations of the study include the retrospective nature, and the patient populations may be biased. Furthermore, the study was a hospital-and community-based case-control study, which could not rule out possible selection bias. However, by matching age, gender and PY of smoking, the potential confounding effects should have been reduced. To further elucidate the impact of c.309T>G on lung cancer susceptibility, future investigations of large ethnically-diverse population-based studies are warranted.
In conclusion, the present study is the first to evaluate the overall lung cancer risk and c.309T>G in a Japanese population. Considering the contradictory results across multiple studies, conclusions from any single study must be interpreted with caution. The results of the present study should be confirmed by other prospective studies.
